Background: Long noncoding RNAs (lncRNAs) are a new class of cancer regulators. Here, we aimed to investigate the diagnostic and therapeutic values of an lncRNA, differentiation antagonizing noncoding RNA (DANCR), in lung cancer. Methods: Real-time polymerase chain reaction was used to compare DANCR levels in normal and cancerous lung tissues as well as lung cancer cells. Lentiviral transduction was used to induce DANCR overexpression or silencing in vitro, followed by monitoring cell proliferation, colony formation, and changes in microRNA-216a (miR-216a) expression. DANCR-specific small hairpin RNA transduction was used to establish cells with stable DANCR knockdown, and silenced cells were used to initiate lung tumor xenografts, followed by monitoring tumor growth. Results: DANCR upregulation was seen in lung cancer, particularly in high-grade lung cancer tissues and aggressive cancer cells. Ectopic DANCR expression induced lung cancer cell proliferation and colony formation, whereas DANCR silencing induced opposing effects. The miR-216a level in cancer cells was negatively correlated with DANCR expression. The DANCR knockdown reduced the growth of tumor xenografts in vivo.
Introduction
Lung cancer is the leading cause of cancer-related death worldwide. 1 Particularly, non-small cell lung cancer (NSCLC), which accounts for 85% of newly diagnosed lung cancer cases, is characterized by resistance to chemotherapy and poor prognosis. 2 The 5-year survival of patients with lung cancer remains poor, despite tremendous efforts in improving the clinical management of lung cancer. Over the years, studies have unveiled a complex genetic network involved in lung cancer initiation and progression. 3 This has led to the development of a large array of therapeutics targeted to these genetic alterations. However, it is still a critical clinical challenge to diagnose NSCLC early and sensitively. 4 Treatment of NSCLC at advanced stage is, therefore, problematic due to chemoresistance and recurrence. 5 An astonishing number of noncoding RNAs in transcriptome, which were once considered redundant genes, are recently found to be important contributors to carcinogenesis and progression. 6 Among the noncoding RNAs, long noncoding RNAs (lncRNAs) are drawing increasing attention due to their role as broad-spectrum regulators in cancer. The LncRNAs are messenger RNA (mRNA)-like transcripts ranging in length from 200 nt to 100 kb. Dysregulated expressions of certain lncRNAs may affect epigenetic information and provide a cellular growth advantage of tumor. Their role in cancer resides in regulating microRNAs (miRNAs, miRs) or mRNAs involved in cancer progression. 7 Therefore, lncRNAs are emerging as novel biomarkers for cancer diagnosis and targets of cancer therapy. Regulation of these lncRNAs is an attractive strategy to impede cancer progression and overcome cancer resistance.
DANCR was originally considered an antidifferentiation noncoding RNA (ncRNA) required for the dedifferentiation of epidermal cells. 8 The DANCR was found to be higher in a large variety of cancer tissues, including colorectal cancer, 8 hepatocellular cancer, 9 and prostate cancer. 10 These evidences spurred interest in characterizing DANCR as a diagnostic and prognostic marker in cancers. The DANCR upregulates cancer cell stemness and promotes tumor cell dissemination and metastases formation. 11 However, the role of DANCR in lung cancer has not been investigated. It is an attractive strategy to diagnose lung cancer based on DANCR levels and suppress lung cancer progression using DANCR interference.
Herein, we analyzed DANCR expression in lung cancer tissues with varying aggressiveness and demonstrated that higher DANCR is linked to cases with lung cancer having higher clinical grade and poorer survival. While DANCR induced lung cancer cell invasion, DANCR interference attenuated tumor progression. Previous evidence suggested direct regulation of microRNA-216a (miR-216a) by DANCR in lung cancer cells. 12 Moreover, the tumor suppressing role of miR-216a has been reported previously. 13, 14 Here we show that miR-216a is suppressed by DANCR in lung cancer. The data reported in this study could potentiate the use of DANCR interference as a novel strategy to impede progression of lung cancer.
Materials and Methods
Tissue, Cell Culture, and Viability Assay Lung cancer tissue of grades II to IV, as well as adjacent normal tissue (>5 cm from tumor), were acquired from Shijiazhuang No.1 Hospital in accordance with protocols approved by ethical committee of Shijiazhuang No.1 Hospital (#SJZ1H-CL-3274).Written consent was acquired from each participant. Detailed pathological information and number of samples are described in Supplementary Table S1 . BEAS-2B, NCI-H1299, A549, and NCI-H1975 were acquired from American Type Culture Collection (ATCC; Rockville, MD) and maintained according to ATCC's recommendations. Cells were incubated in 96-well plates (2 Â 10 4 cells/well) and cultured for 48 hours. For viability assay, Cell Count Kit-8 reagent (Sigma Aldrich, St Louis, Missouri; 10 mL) was added to the medium of cells cultured in 96-well plates, followed by incubation for 4 hours. Absorbance of the solution was measured at 450 nm by an ELx-800 microplate reader (Winooski, Vermont, USA). Kaplan-Meier analysis was performed using an online tool integrated with a public database containing clinical lung cancer data (http://kmplot.com/analysis/). 15 Correlation of the survival data of patients and DANCR levels was analyzed using SPSS.
Quantitative Real-Time Polymerase Chain Reaction
RNAs were extracted using the Trizol reagent (Invitrogen, Carlsbad, California), followed by removal of DNA with the TurboDNase kit (Ambion). Quantification of extracted RNA was performed using NanoDrop. Complementary DNA synthesis was performed using PrimeScript real-time (RT) reagent kit (Takara Bio, Japan) using 1000-ng of total RNA. Quantitative real-time polymerase chain reaction (qRT-PCR) was performed using the SYBR Select Master Mix (Applied Biosystems, Waltham, Massachusetts) on an ABI 7900 system (Applied Biosystems). The level of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a control. The Ct value was calculated based on the DDCt method. Fold change of gene expression was expressed as 2
ÀDDCt
. The primers used in this study were as follows: DANCR sense:
Colony Formation Assay
The transfected cells were seeded in 6-well plates with culture medium containing 10% fetal bovine serum and cultured overnight. After 14 days, cells were fixed with methanol and stained with 0.1% Crystal violet. Colonies were manually counted under a light microscope.
Vector Construction and Lentiviral Transfection
The DANCR, siDANCR and small hairpin DANCR (shDANCR) vector, and their noncoding controls were constructed by inserting corresponding DNA to the plenti6.3-MCS-IRES-EGFP vector. Constructed plasmid, along with the packaging plasmids, was cotransfected into 293 T cells. Viral particles were then harvested at 48 hours after transfection with ultracentrifugation. Cells transfected with lentivirus were selected by puromycin for 2 weeks to obtain stable cell lines. The siDANCR sequences used are as follows:
The sequences used for shDANCR are as follows:
Ago RNA Immunoprecipitation and RNA Pull-Down Assays
The ThermoFisher RNA immunoprecipitation (RIP) kit (Waltham, MA) was used for Ago RIP assay according to the manufacturer's recommendations. Ago2 antibody was purchased from Abcam (Cambridge, MA). Immunoglobulin G antibody (Abcam) was used as a negative control. The anti-SNRNP70 antibody (Abcam) was used as the positive control for data normalization. The qRT-PCR analysis was used to analyze purified DANCR RNA. RNA pulldown assay was carried out after DANCR were transcribed using T7 RNA polymerase (Roche, Switzerland). Purified RNAs were then labeled with biotin with the biotin RNA labeling mix (Roche), and magnetic beads were then added to the mixture and incubated at room temperature for 1 hour. Proteins were then eluted from the beads and analyzed by Western blot.
Animal Handling
Cells stably express shDANCR or noncoding shRNA (shNC) were inoculated subcutaneously into the flank of mouse (2 million per mouse). Following tumor inoculation, tumors sizes were monitored by measuring width and length of the tumor. Tumors were measured every 3 days since day 9. Tumor volume is calculated as tumorvolume¼width 2 Âlength=2. In day 24, tumors were dissected, photographed, and weighted. The miR-216 levels in dissected tumors were also analyzed. Animal study was approved by Ethics Committee of Shijiazhuang No.1 Hospital (SJZ1H-20161105).
Statistical Analysis
Data were presented as mean (standard deviation). Data were analyzed by Student t test and 1-way or 2-way analysis of variance using SPSS 18.0 software. Difference in data were considered statistically significant if P value is <.05.
Results

Upregulation of DANCR is Indicative of Poor Prognosis in Lung Cancer
First, to validate DANCR as a prognosis marker of lung cancer, we evaluated DANCR expression in lung cancer and normal lung tissues. As shown in Figure 1A and B, DANCR level was upregulated in lung cancers, and the upregulation was higher in cancers with a higher clinical grade. Further, we evaluated DANCR expression in commonly used lung cell lines, BEAS-2B (epithelial-like lung cell), NCI-H1299, A549, and NCI-H1975 (aggressive lung cancer cells). A higher DANCR expression was seen in lung cancers as shown in Figure 1C . We also validated DANCR expression in correlation with patient survival. Indeed, DANCR overexpression was associated with a poor survival data of patients with lung cancer ( Figure 1D ). These data suggested that DANCR upregulation was a characteristic of aggressive lung cancer, and DANCR was potentially a valuable diagnostic marker for this high-risk disease.
Overexpression of DANCR Promotes the Proliferation and Growth of Lung Epithelial Cells
Given that DANCR upregulation is associated with lung cancer, we next examined whether ectopic expression of DANCR in normal lung epithelial cells would increase their survival and colony formation. To this end, we ectopically expressed DANCR in BEAS-2B cells using lentiviral transfection of DANCR expression vector. This induced an upregulation of DANCR level (Figure 2A) . Concomitantly, the proliferation ( Figure 2B ) and colony formation ( Figure 2C and D) of BEAS-2B were dramatically increased compared to control cells (P < .01). These evidences indicated that DANCR might contribute to the malignant phenotypes of lung cancer cells.
DANCR Inhibition Suppresses Lung Cancer
Considering the tumor-promoting role of DANCR, we further reasoned if DANCR silencing would abrogate the proliferation and colony-forming ability in lung cancer cells. Therefore, we transfected DANCR-specific siRNA to NCI-H1925 cancer cells to induce DANCR downregulation ( Figure 3A) . We found that the proliferation ( Figure 3B ) and colony formation ( Figure  3C ) were attenuated by DANCR interference. This further corroborated the tumor-promoting role of DANCR.
DANCR Sequesters Tumor Suppresser miR-216a
The LncRNAs usually serve as molecular sponges that sequester the expression of other RNAs. Due to the cancer-promoting function DANCR, we examined whether miR-216a could be sequestered by DANCR. As shown in Figure 4A , miR-216 expression was lower in lung cancer cells (NCI-H1299, A549, and NCI-1975 cells) compared to lung epithelial cells (BEAS-2B cells). DANCR overexpression, which was shown to promote cell proliferation and colony formation, also downregulated the level of miR-216a ( Figure 4B ). On the other hand, silencing of DANCR with siRNA increased the expression of miR-216a in NCI-H1299 cells ( Figure 4C ). Further, ELF4B, JAK2, and MALAT1, which are suppressed by miR-216a, demonstrated an upregulation under DANCR overexpression ( Figure 4D ). Therefore, DANCR overexpression abrogated the suppression of these oncogenes by miR-216a, inducing tumorigenesis and invasion. To further validate the antagonizing effects of DANCR on miR-216, we showed that cotransfection of siDANCR and anti-miR-216a abrogated the inhibitory effect of siDANCR on lung cancer proliferation and colony formation (Supplementary Figure S1A and B) . In addition, DANCR and miR-216a demonstrated a negative correlation in patient samples (Supplementary Figure S2) . Ago RIP (Figure 4E ) and RNA ( Figure 4F ) pull-down assays were used to detect the association between DANCR and miR-216a in HEK293 cells. We showed that miR-216a inhibitor significantly blocked the pulled RNA level of DANCR and miR216a ( Figure 4E ). DANCR enrichment in RNA pull-down assay was also reduced using biotin-labeled mutant miR-216a when compared to unmodified miR-216a ( Figure 4F ). Similar results were observed in NCI-H1975 cells ( Supplementary Figure S4) . Taken together, these data suggested a close interaction between DANCR and miR-216a in lung cancer. Additionally, we tested whether miR-216b and miR-217 were regulated by DANCR. However, we did not see changes in the levels of these 2 miRNAs after siDANCR transfection (Supplementary Figure S3 ).
Silence of DANCR Inhibits Lung Cancer Tumor Growth In Vivo
To demonstrate DANCR as a therapeutic target with great clinical potential, we performed in vivo evaluation of the effect of DANCR silencing on tumor growth. We showed that inoculated cancer cells with DANCR silencing had a considerably reduced tumor burden as indicated by tumor growth rate ( Figure 5A ), tumor size ( Figure 5B ), and tumor weight ( Figure 5C ; P < .01). Further, we also found that miR-216a levels in tumors with DANCR silencing were also higher ( Figure 5D ). These data indicate that DANCR interference is a promising strategy to impede lung cancer progression.
Discussions
The development of aggressive lung cancer requires a series of oncogenic stimuli to maintain their tumor-initiating capacity.
Here we have identified DANCR as a potential inducer of aggressive lung cancers and demonstrated a close correlation between DANCR expression and lung cancer malignancy. In our study, poorer survival was found to be associated with cases with lung cancer having higher DANCR expressions. This potentiates the use of DANCR as a biomarker for risk prognostication of lung cancer. Our study is juxtaposed with a number of researches in characterizing DANCR as a diagnostic marker for other cancers 8, 9, 11, 16 and broadens the clinical implication of DANCR. Currently, biopsy remains the primary approach for risk stratification of lung cancer. 17 However, biopsy examines only limited sample of the disease region and is highly susceptible to false-negative results. Although recent advances in imaging technologies have potentiated evaluation of lung cancer risk by examining the entire lung noninvasively, the high cost of imaging examinations limits their clinical use. Still, accurate imaging biomarkers are difficult to establish. Our data provide an opportunity to evaluate lung cancer aggressiveness by assessing DANCR levels. Although our study only investigated the correlation of tissue or intracellular DANCR levels with lung cancer risk, circulating DANCR levels may also indicate cancer aggressiveness. 18 A facile testing based on plasma DANCR level could be developed for lung cancer diagnosis. For example, Ma et al demonstrated the correlation of plasma DANCR with the aggressiveness of hepatocellular carcinoma. 19 Further studies are warranted to evaluate the correlation between plasma DANCR levels and lung cancer malignancy to validate the clinical utility of DANCR as a lung cancer marker.
Meanwhile, a new therapeutic strategy for lung cancer is revealed which is based on the modulation of DANCR in lung cancers. First, we validated that overexpression of DANCR is sufficient in promoting the proliferation and migration of BEAS-2B cells, which is an epithelial type of lung cells. Although we did not investigate the mesenchymal markers associated with cancer stemness, it is likely that DANCR upregulation promoted the epithelial to mesenchymal transition in BEAS-2B cells. This is consistent with the role of DANCR as an oncogene. Further, DANCR interference with siRNA was shown to decrease the proliferation and colony formation of NCI-H1975 cells, which lays the foundation of lung cancer therapy using DANCR interference. To elucidate the mechanism of DANCR in regulating lung cancer progression, we investigated the correlation between DANCR expression and miR-216a. The DANCR is a putative regulator of a number of tumor suppressor miRNAs. 20, 21 Thus far, the interaction between DANCR and miR-216a has not been demonstrated. Dysregulated miR-216a expression is thought of as a significant contributor to hepatocellular carcinoma. 22 We found that miR-216a expression is lower in high-risk lung cancers, and DANCR suppresses miR-216a. The targets of miR-216a, EIF4B, JAK2, and MALAT1 were therefore upregulated by DANCR. It should be noted that miR-216a is only one of the targets mediated by DANCR. Other cancer-related molecules, such as CTNNB1 9 and miR-33a-5p, 23 were also demonstrated to be regulated by DANCR. Further studies are still warranted , and NCI-H1975) were tested by qRT-PCR and were normalized to BEAS-2B group. B-D, BEAS-2B cells were transfected with DANCR or control vector. NCI-H1975 was transfected with siDANCR or siNC. The miR-216a and the identified targets (EIF4B, JAK2, and MALAT1) of miR-216a expression levels were detected by qRT-PCR. E and F, RIP and RNA pull-down assays were used to detect the association between DANCR and miR-216a in HEK293 cells. ** P < .05. DANCR indicates differentiation antagonizing noncoding RNA; qRT-PCR, quantitative real-time polymerase chain reaction; miR-216a; microRNA-216a; RIP, RNA immunoprecipitation.
to unravel additional molecular pathways regulated by DANCR. On the other hand, DANCR interference with siRNA induced an opposite effect. This encouraged us to test whether DANCR silencing would successfully reduce lung cancer progression.
We have demonstrated that DANCR interference is an effective strategy to suppress lung cancer. Cells stably expressing shDANCR demonstrated attenuated tumor growth. This antitumor effect was also accompanied by the upregulation of miR-216a. Therefore, our study offered a novel antitumor strategy by transfecting shDANCR in lung cancer cells. Our study also provides an alternative route for miR-216a restoration, which has been employed in a number of studies for cancer therapy. 24, 25 It should be noted that tumors expressing shDANCR still demonstrated increased rate of tumor growth after 20 days of treatment, and no tumor regression can be observed. The suboptimal tumor suppression with shDANCR can potentially be improved by combinatory therapy with other chemotherapy drugs, which has been demonstrated in other similar studies. 26 Additionally, we are aware that our approach does not represent the clinical practice in lung cancer treatment since the cells were transfected with shRNA prior to inoculation. It can be envisioned that with the development of efficient gene delivery systems, 27 ,28 administration of shDANCR or other interfering genes in vivo would be possible. In fact, the lentiviral system for shDANCR transfection could be readily tested for DANCR silencing. 29 Other nonviral system for DANCR interference can also be employed.
In conclusion, we have demonstrated that DANCR upregulation is linked to poor survival of patients with lung cancer. The DANCR overexpression promotes cell proliferation and colony formation in vitro, and DANCR interference effectively suppresses lung cancer progression both in vitro and in vivo. MiR-216a is downregulated by DANCR. DANCR interference has great potential to attenuate the progression of aggressive lung cancers. The diagnostic and therapeutic value of DANCR is worthy of being tested in clinical arena to improve the clinical management of lung cancer. 
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